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IIpencraBiieHbI pe3yabTaThl pa3paboOTKU TPeXKaHATbHOTO reHepaTopa CUTHAJIOB ITPOU3BOILHOM (hOPMBI €
byHK1IMEH! TpOrpaMMUPYEeMOTro UCTOYHUKA MMUTaHMS IS HACTPOIKHY M OTJIAKY IUIaT CUCTEM aBTOMaTUye-
CKOTO yIpaBJIeHUsI MPeoOpa3oBaTeIbHBIMM YCTPOMCTBAMMU, TPEOYIOITUMU CUHXPOHM3AIUM ¢ ceThio. Oco-
OEHHOCTSIMU YCTPOMCTBA SIBJISIIOTCS BO3MOXHOCTh UMUTALIMY TPpeX(a3HO MCKaXKeHHOM CEeTH LTS IPOBEP-
KW ¥ HACTPOMKM CUHXPOHU3AIIVHN TUIAT YIIPaBJIeHUs, a TAKKE HAJIMUKE TaTbBaHUUECKOM Pa3BI3KU MEXIY
TpeMsl KaHaJIaMU, YTO TO3BOJISIET UCITOIb30BaTh FeHEPATOP B KAUeCTBE UCTOYHUKA MUTAHUS TpexdasHbIX
eneii. [eHeparop o6ecreunBaeT HOPMUPOBAHNE BEIXOMHBIX CUTHAJIOB JIJTSI KaXKIOTO 3 KAHAJIOB B IMAlIa-
30He HanpstkeHUi 25 B ¢ MakcuMaibHBIM TOKOM 10 2 A. YacTOTHBII 1uara3oH NepeMeHHbIX CUTHAJIOB
reHepaTtopa 0.01—10 xI11. B HacTostee Bpemst reHepaTtop npuMeHsieTcsa Ha [TAO “DieKTpOoBBIIIPIMUTEND
IIJIS1 UMUTALIMU POBAJIOB, UCKAXKEHUI CeTU U MepeKocoB (as, i1 HacTpoiiku cucteM ha3oBoit aBTOIOA-
CTPOMKM YaCTOTHI, a TAKXKe aHAJIOTOBBIX 1 TU(POBBIX (PUIBETPOB.
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BBEIAEHME

I1pu pa3paboTke, MAKETUPOBAHUM U HAJIAIKE CU-
CTeM YIIpaBJICHUsI pa3IMYHbIMU 3JIEKTpOIpeodpas3o-
BaTeJIbHBIMU YCTPOMCTBAMM, TPEOYIOIINUMU CHHXPO-
HU3alMU OT 3JCKTPUYECKONM CeTH, pa3paboTYMKu
OYEHb YaCTO CTAIKUBAIOTCS C IIPOOIEMOM UMUTALIUN
pa3IMYHBLIX MCKAXKEHUI CEeTH, a TakKXKe aBapUiTHBIX
COOBITHIT, TAKMX KaK OOPHIB MJIM TIEPEKOC OITHOM M
ooisiee a3 [1]. IIpuMepamu Takux 3jeKTpoIipeodpa-
30BaTeJIbHBIX YCTPOMCTB SBISIIOTCS YIIpaBisieMbIe
BBITIPSIMUTEJIN, aKTUBHBIE BBIMPSIMUTEIN C KOPPEK-
el KoapuIreHTa MOIITHOCTH, YCTPOIICTBA IIJIaB-
HOTO ITyCKa, BEJOMbIE CEThIO MHBEPTOPhI, IIpeodpa-
30BaTeIM YaCTOThI C MEPEBOAOM 3JIEKTPOIBUTATEIIS
Ha ceTh U T.II. [2, 3].

I1pu cuHXpOHU3aALUU WU MUTAaHUU YCTPOMCTB OT
peaJbHOM 3JEKTPUYECKON CeTU MMUTALUST MCKaXKe-
HUI 3aaHHON (POPMBI SBISISTCS HENPOCTOM 3aa-
Yyeii, TaK KaK UCHOJb30BaHUE CTaHAAPTHBIX TeHepa-
TOPOB CUTHAJIOB He pellaeT YKa3aHHOM ITPOOJIeMBbI.
Kaxk mpaBuio, nmpu MCnonb30BaHUM CTaHIAPTHBIX Te-
HEPaTOPOB Pa3padOTYMK CTAJTKUBAETCS CO CJIETYIOIIM-
MU Ipo0ieMaMI: UMEIOILMECS B IIIMPOKOM ITOTpeOIIe-
HUM TeHEepaTophl CONepKaT OAMH WU IBa KaHajia, 4To
HEIOCTAaTOYHO IIpY UMUTALMU TpeX(da3Hoil ceTn; uc-
MOJIb30BaHME TPEX HE3aBHCHUMBIX I'€HEpPaTOpPOB 3a-
TPYAHUTEJILHO U3-3a CJIOXHOCTU UX CUHXPOHMU3AILINU
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MeXIy co00it; (GyHKIIMOHAI TeHepaTOpOB He TT03BO-
JIIeT TIOJNYyYUTh HeoOXomammble (OPMBI CUTHAJIOB.
B Hacrosi1iee BpeMs B TIpoaxKe MOSIBUJIMCh TpexKa-
HaJIbHbIE TEHEPATOPhI CUTHAJIOB, HO MX KaHaJIBl TMe-
IOT TAIbBAHMYECKYIO CBSI3b, YTO HAKJIAAbIBAET OMNpe-
JIeJIeHHble OTpaHMYEHUs] MPU WX MCIOJIb30BaHUM,
KpPOME TOTrO, BBIXOOHASI MOIIHOCTb KaHAJOB TaKHUX
reHepaTopoB, KaK MPaBUIIO, OTpaHUYCHA.

Hnsa pellleHUsT BBIIIETIEPEINCICHHBIX 3ama4 OBLT
pa3paboTaH TpeXKaHAJIBHBIM TeHepaTOop CHUTHAJIOB
MPOU3BOJILHOI (DOPMBI ¢ TAJIbBAHUYESCKU pa3Bsi3aH-
HBIMUA KaHajlaMH, 00ecCIeYMBaoOIINil Takke (YHK-
LIUY TIPOTPaMMHUPYEMOTO UCTOYHUKA TTUTAHMSI.

YCTPOMCTBO U PABOTA TEHEPATOPA

PazpaboTraHHO€ yCTpONCTBO MpeAcTaBisieT coboit
TpeXKaHAJIbHBI TEHEPaTOp CUTHAJIOB IIPOU3BOJIb-
HOIi opMbI C (PyHKIIMElt MporpaMMUPyeMOro uc-
TOUYHMKA NMUTaHUs. Baxkneiimei ¢pyHKIe ycTpoii-
CTBa SIBJISIETCS BO3MOXHOCTb UMUTALIMU Tpexda3zHOM
VICKaXEHHOW CeTU JJIs1 TIPOBEPKU U HACTPOWKU CUH-
XpOHU3alUK TIaT yrnpabaeHus. OCOOEHHOCTbIO Te-
HepaTopa SBJISIETCS TAKXKE HAIMYUE TAIIbBAHUYECKOM
pPa3BsI3KM MEXIy TpeMsl KaHaJlaMW, 4TO TTO3BOJISIET
WCHOJIb30BaTh €r0 B KAYE€CTBE MCTOYHUKA TTUTAHUS
Tpexda3HbIX Lenei WM LeTei ¢ pa3aeabHbBIM ITUTa-
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Tabomuna 1. OCHOBHbBIE 2JIEKTPUUYECKUE XapaKTEePUCTUKU TeHepaTopa

HaumeHnoBaHue mapamerpa 3HayeHue napaMeTpa
KonuuecTBo HE3aBUCUMBIX KaHAJIOB 3
MaxkcuManbHEIN Trana3oH N3MEeHEeHHUs BBIXOTHOTO HaIlpsokeHusI, B ot —25 oo +25
[Ilar yctaHOBKM BBIXOJIHOTO HaNpsoKeHUs, B 0.1
MaxkcuManbHBIN MPOIOJLKUTEIbHBINA TOK OOHOIO KaHaja, A 2
MuHUMaJbHOE HaIpsKeHWe U30JISTIIN MEX Ty KaHajiaMu, KB
YacToTHBII AMana3oH nepeMeHHbIX CUTHAJIOB, K111 0.01—10
OTHocUTeNbHAs! MOTPEITHOCTh YACTOTHI IEPEMEHHOT0 CUTHaJIa, He OoJiee 102%
HarnpsikeHue nmutaHusi reHepaTopa, B 230 (£10%)
Yacrora nmurarouieit cetu, Iix 40-70
Wurepdeiic cBsI3u ¢ nepCoOHATBHBIM KOMIIBIOTEPOM USB
labGapurHbie pasmepsl (I X L X B), Mmm 431 x 203 x 129

HueMm. Kpome Toro, ykazanHast 0COOEHHOCTD IT03BO-
JISIET ITOAKJTI0YATh KaHAJIbI IIOCJIEI0BATEIbHO IJIsI CO-
3MaHUsI CUTHAJIOB OOJIbIleH aMmiuTyabl. [eHepaTop
obecrieuynBaeT (OpMUPOBAHHUE BBIXOIHBIX CUTHAJIOB
JIUIST Ka>KIOro M3 KaHaJIOB B IMAIa30He HaNPsKeHUM
+25 B ¢ MakcuMaJIbHBIM TOKOM 10 2 A.

VipaBiaeHne mapaMeTpaMH TeHEpUPYEMBIX CHUT-
HaJIOB MOXET OCYIIIECTBIISATHCS C TTIOMOIIBIO KaK KJjia-
BUATYpPBI, PACIIOJIOKEHHON Ha mMepedHeil IaHeaIu
mpubdopa, TakK ¥ IePCOHATIBHOTO KOMITBIOTEpA C TIPH-
MeHEeHNEM pa3pabdoTaHHOTO MPOTPaMMHOTO obecIIe-
yeHwust. 7151 TOOKITIOUeHYs K KOMITBIOTEPY UCTIONIb3YeT-
cs1 USB-untepdeiic. s mHIMKALMKY BEIOPAHHOTO pe-
KMa paboThI U TTApaMeTPOB TEHEPUPYEMOTO CUTHAIA
KCTOJIB3YIOTCS KUAKOKPUCTAJUIMYECKE TUcTiien. [e-
HepaTop YIOBJIETBOPSIET TPEOOBAHUSIM JIEKTpOMAr-
HUTHO COBMECTUMOCTH, ITOCKOJIBKY MCITOJIb3YeTCsI
B HETIOCPEACTBEHHOI OJIM30CTHU K YYBCTBUTEbHBIM K
5JIEKTPOMATHUTHBIM TTOMeXaM IIETISIM.

OCHOBHBIE BJIEKTPUUYECKUE XapaKTePUCTUKU Te-
HepaTopa IIpUBeICHHBI B Ta0I. 1.

CTpYKTYPHO YCTPOIMCTBO COCTOUT U3 TpexX (PyHK-
LUOHAJIBHBIX y3JI0B (puc. 1):

1) 6ioka ynpaBneHus u unaukauuu (BYHN);

2) TpeX UIEHTUYHBIX OJIOKOB (hOPMUPOBAHUST BbI-
XOJHBIX aHAJIOTOBBIX CUTHAJIOB (KaHasbl 1—3);

3) UICTOYHMKA MMUTAHUSI.

Bbnok ynpaBieHus1 U MHAMKAILIMY TTOCTPOEH Ha OC-
HOBE IBYX MUKpOKOHTpoiutepoB STM32F103C8T6.
3amayaMM IIepPBOTO0 MUKPOKOHTpouiepa (BEemyIuii)
SIBJISTIOTCS (pOpMUpOBaHME 3aaHHOIM (hOPMBI CUTHA-
JIOB Ha BLIXOJAX TeHepaTopa, YIpaB/IeH e HATIPsKeH -
€M TIUTaHUS BBIXOIHBIX KACKAIOB TPEX FTeHePUPYIOIINX
KaHaJIoB (KaHaibl 1—3), 3amuch U yTeHue uHpopMa-
LM U3 BHEIIHEW 3HEProHe3aBUCUMON MaMITH I10
npoTtokosry SPI, KoHTpoab MITUKHOITOYHOM KJ1aBHa-
TYpbl U OpraHOB YyIpaBJieHUsI (3HKOIEPhI), OOMEH
JaHHBIMU CO BTOPBIM MUKPOKOHTPOJLIEPOM (BEHO-
MBIit) o mpoTokony SPI u miepcoHaIbHBIM KOMITBIO-
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tepom 1o USB. B ycTpolicTBe peasii3oBaH METO[I I'e-
Hepalliy CUTHAJIOB, OCHOBAaHHLII Ha IpeoOpa3oBa-
HUM MacCHBa TOYEK, 3aJaHHBIX B IM(ppOoBOIi (popme
IePBLIM MUKPOKOHTPOJIJIEPOM OJI0Ka YIpaBJIEHUS U
WHIVMKALIMM, B aHaJIOIOBBIiI CHUTHaJI C IIOMOIIBIO
mudpoananorosoro npeoopazosanus (LIAIT) [4]. B
KaHanax 1—3 BbIIOJHsIETCS TTpeobpa3zoBaHue HUD-
poBoro curHaja ¢ bYW B aHaioroBwlil ¢ gajibHeli-
MM €ro ycwieHueM. BTopoil MHKpPOKOHTpOJLIEP
OCYILECTBJIIET OOMEH JAaHHBIMU C BEIYLLIMM MUKPO-
KOHTpOJUIEpPOM, 00padaThIBAaET BCE€ NPHUHSITHIE KO-
MaHIbl BEPXHETO YPOBHSI, YIIPABISIET CBETOANMOTHOM
WHIMKALMEeil 1 TpeMs XKUAKOKPUCTAJINYSCKUMU
WHIMKATOpaMU YCTPOiiCTBa, Ha KOTOPHBIE BHIBOISITCS
napaMeTpbl (POPMUPYEMBIX CUTHAJIOB U PEKMMBI pa-
OOTHI MO KaXXJA0OMY T€HEPUPYIOIIIEMY KaHaTy.

PaccMoTpyM 0COOCHHOCTM TTOCTPOCHUST OJI0Ka
¢opMUpOBaHUS BBIXOAHBIX aHAJIOTOBBIX CUTHAJIOB
Ha puMepe KaHaia 1. Ha puc. 2 nmpuBeneHa npuH-
nunuanbHas cxema kaHana 1. Ha Bxoa kaHaina ¢ 6710-
Ka ynpaBJIeHUSI 1 MHAMKALMKU 110 uHTepdeiicy SPI
MOCTYMNAaIOT 3aKOAUPOBAHHbIE JBOUYHBIM KOJIOM OT-
CUeThl CUTHAJIA, 3aJaHHBIe MMoJib3oBaTesieM. Llndpo-
Boit uzonsartop DD; (ADUM1400BRW) o6ecrnieunBa-
€T raJlbBAaHMYECKYIO pa3Bs3Ky Mexmy 6iokoM bYU u
COOTBETCTBYIOILIMM BBIXOAHBIM KaHaJIOM T'€HepaTo-
pa, a TakXe BBIMONHAET QYHKIMIO PETPAHCIATOpA,
T.€. BOCCTaHABIMUBAET (PPOHTHI MPUHSATOTO LIU(PPOBO-
ro curHana. [Jdanee curHan nocrynaetr Ha LHAIT DD,
(MCP4921), nocie KOTOpOro ¢ moMolibio (puiabTpa
HIKHUX yactoT @HY (Rg, C;) BeINoaHsSIETCS GUIb-
TpalMsi BLICOKOYACTOTHBIX COCTABJISIIOLIMX CIIEKTpa
aHaJIOrTOBOr0 CUTHAaJjla, MOSIBUBLIUXCS B pe3yJibTaTe
npeobpazoBaHus. [TOCKOIbKY B CXeMe UCHOIb3YeTCsI
onHonosipHbli LIATII, Ha BeixOge PHY dbopmMupy-
€TCsl OHOMOJISIPHBIN curHail. C MOMOIIbIO BbIUUTA-
Tenst (muddepeHIIMaTbHBIN KacKaa Ha MUKPOCXeMe
DA; (OPO7CD)) nmony4yaeM ABYMNOJISIDHBII CUTHAIT.
JaHHBII CUTHaJl MOCTYIaeT Ha WHBEPTUPYIOLIMIA
yeunutens [5] DA, (OPO7CD) ¢ peryiupyeMbIM KO-
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Puc. 1. CrpykrypHast cxema reHeparopa. ®HY — bwnbrp HuskHux yactoT; LIAIT — nmudpoaHanioroselii mpeobpa3oBaTelib;
BYU — 6ok ynpasienust u unaukaimu; MIT — ucrounuk nurtanusi; DC/DC — npeo6Gpa3oBaTelib OCTOSTHHOTO HAMPSIKEHUs
B noctosiHHOe; AC/DC — mipeobpa3oBaresib MepeMeHHOTO HaIIpsiKeHUMsT B TocTosTHHOe; PWM — curHai 3agaHusi 3HaAYCHUS
HaIpsDKeHUsI yripaBiieHust; VG — curHai 3a1aHus HanpsiKeHYs BBIXOIHOTO Kackana reHeparopa; =V — HanpsikeHUs TUTaHust

BBIXOOHOI'O Kackala reHeparopa.
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Puc. 2. [1puHnunuanbpHasg cxema 6;10ka ¢oopMUpOBaHUsI CUTHAJIA KaHaua 1.

a¢pdumenToM yeunenusa. KoadounmeHT ycuneHus
W3MEHSIETCS TOCPEICTBOM 3amaHUSI BEJIWYMHBI CO-
npoTusieHus uudposoro pesucropa DD, (AD5290)
no uHrepdeiicy SPI ¢ 610ka yrpaBieHUs 1 MTHOIWKA-
LHUU. DTO HEOOXOAUMO MJISl UBMEHEHUSI YPOBHSI BbI-
XOITHOTO CUTHAJIa TeHepaTopa ITo KOMaH/Ie TT0JIb30Ba-
tenst. Hanee curnan nopaercst (Beixom OUT) Ha BbI-
XOJHOI Kackaj reHeparopa (Bxon V).
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BrixogHoii kackan (puc. 3) BBIMOJHSIET YCUJIEHUE
aHaAJIOTOBOTO CUTHAJIA 1O 3aJJaHHOTO YPOBHSI, a TAKKe
coryacyeT BBIXOIHOE COIPOTUBJIEHUE C HATrpy3KOiA.
Kackan mocTpoeH Ha OCHOBE MOIIIHOTO OTTepaIlMOH-
Horo ycunutensi DA; (OPA548T), BKJIIOUEHHOTO 1O
WHBEPTUpPYIOIIel cxeMe. [laHHAsT MUKpocxemMa pas-
paboraHa CIeIUaIbHO IS TPUMEHEHUS B JIMHEH-
HbIX OJIOKaX NMUTaHUS. YCUIIUTENIb UMEET TaKXe CIie-
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Puc. 3. [IpuHuMnManbHast cxeMa BBIXOIHOTO KacKajaa KaHaja 1.

LIMaJIbHBIC BXOAbI pa3pellleH!s U OrpaHUYeHUST TOKa
(Bxod 3 MUKpPOCXEMEI), YTO II03BOJIMJIO Peain30BaTh
B yCTpoiicTBe (DYyHKIIMHU BBIKJIOYEHUS TeHEpalliy Ka-
HaJIOB M OTPAaHUYEHUS] MAKCUMATLHOTO YPOBHSI BBIXO-
HOTO TOKa, a TakKe 3allUTy OT KOPOTKOIO 3aMbIKaHMSI
Ha BbIxonie. BbixoqHoli Kackan paboTraeT B JIMHEMHOM
pPEXUME, YTO MO3BOJISIET U30€KaTh MOSIBJICHUS BbICO-
KOYaCTOTHBIX TTOMeX Ha BbIXojie TeHepaTopa. OmIHaKo
HEI0CTAaTKOM JIMHEWHBIX CXEM SIBJISIETCS HU3KUI KO-
3 ULIMEHT TTOJIe3HOTO AEUCTBUS 1, KaK CJIeACTBUE,
GoJblIast paccemBaemMasl TEILIOBast MOIITHOCTh Ha OC-
HOBHOM BJIEMEHTE BBIXOMHOTO Kackaza. st yMmeHb-
IIEHUs] JAHHOTO HEA0CTaTKa U CHUXKEHUS TETJIOBbIX
notepb Ha OPAS5S48T B cxeme McHonb3yeTcsl yIIpaBisie-
MbIi UICTOYHUK MUTaHUsI. YPOBEHb HAIIPSLKEHUS TTUTA-
HUSI OTIEPAallMOHHOTO yewiuTes (Bxonsl +V u —V) Mo-
JKEeT U3MEHSIThCS B CJIENYIONIMX TIpeneaax: oT —28 1o
—7 B — HUXXHee 3HaUeHME HaIpsDKeHUs; oT +7 1o

+28 B — BepxHee 3HaueHUe. 3HAYCHUE HATIPSIKEHUS
3amaercsi bYW B 3aBUCUMOCTH OT T€HEpPUPYEeMOTO
YPOBHSI BBIXOJHOTO HAIMPSKEHUSI. DTO TIO3BOJISIET
YMEHBIINUTh TaJleHUEe HaMNpsSLKeHUsT Ha BBIXOJHOM
KackaJe U CHU3UTh PacCEerMBaeMylO TEIJIOBYIO MOIII-
HOCTb.

NCTOYHUK ITMTAHUA TEHEPATOPA

Wcrounuk nutaHuss GOpMUPYET TaalbBaHUYECKH
pa3BsI3aHHBIC, peEryJupyeMble HaNpsoKeHUs IS
dbopMUpOBaHUS BBIXOOHBIX CUTHAJIOB, a TAaKXKe IS
MUTaHUsI BHYTPEHHUX 1IeTIei reHeparTopa.

Pa3paboTrka nCTOYHMKA MUTAHWSI BHIIIOIHSIIACH C
YYETOM psifia TpeOOBaHMIA:

1) m1s1 muTaHWs BBIXOMHBIX KACKAIOB KaHAJIOB 1—
3 HeOoOXOAUM pEeryJIupyeMblii ICTOUHMK MMUTAHUS;
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Puc. 4. HpI/IHHHUI/IaJTbHaﬂ CcXeMa IoJIyMOCTOBOI'O MHBEPTOpA UCTOYHMKA ITUTAHUA.
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Puc. 5. [TpuHnunuanbHas cxema 6y10ka popMupoBaHust peryaupyemoro HanpspkeHus. DA, DAy, — LM2596HVGT-AC; VD,—

VDg — SR5100.

2) MajiloMOIIHas 4YacTb KaHaJlloB |—3 moykHa
WMETh He3aBUCUMBIN MCTOYHUK, TaK KaK HaIlpsoKe-
HU€ TWTAHWUS BBIXOTHBIX KacKagoB WM3MEHSIETCS B
IIUPOKOM Auaria3oHe U MOXET BBIXOAUTh 3a I'paHU-
bl JOITYCTUMBIX 3HAYCHUIA;

3) IMOCKOJNBLKY OJIOK YIIpaBJIeHMS W WHIUKALIUU
rajJbBaHUYECKH pa3BI3aH OT KaHAJOB 1—3, JaHHOMY
OJIOKY TaKKe HEOOXOIUM OTACIbHBIN MCTOYHUK MU-
TaHUSI.

dnst (opMupoBaHUS pPETryIUpyeMbIX HaIpsike-
HHUI THUTAaHUS BBIXOMHBIX KAacKamoB KaHamoB 1—3
(HanpsckeHus +V u —V) nipuMeHsieTcs cxema Mojy-
MocToBoro WHBeptopa [2] (puc. 4). Hampsckenue
BJIEKTPUYECKOM CETU BBIIPSIMIISIETCS TUOTHBIM MO-
crom VD, (KBU1010), dunbrpyercss KOHAeHcaTOpa-
Mu C; u Cs 1 TIofaeTcsl Ha MOJyMOCTOBYIO CXeMy Ha
tpan3ucropax VT,, VT; (IRF840). YnpasieHue no-
JIYMOCTOBOI1 CXeMOI1 BBIIIOJHSETCS CHEIUAIN3UPO-
BaHHbIMU gApaiiBepamu DA, (IR2153S) u DA,
(IR2113S). HanpsixeHue ¢ moJTyMOCTOBOTO MHBEPTO-
pa mmomaeTcst Ha IEPBUYHYIO 0OMOTKY BEICOKOYACTOT -
Horo TpaHcdopmaropa Tp ! (Bxonsl Viry u Vir,) 610Ka
¢dhopMUpOBaHUST PETYIMPYEMOIO HAIpPsIKEHUsT (puUcC.
5). Yacrora mpeoOpazoBaHusi cocTaBisgeT 84 kIiI.
Tpancdopmarop BEITONTHEH Ha cepaedydnke ER
35/20/11 [6] (matepman N87), 4uciio BUTKOB Iiep-
BUYHOI OOMOTKM 25, Kaxzaasi U3 BTOPUIHBIX 0OMO-
TOK COIEPXKUT MO 8 BUTKOB. J1JIsI HAMOTKI OOMOTOK MC-
nosb3oBasicd nposox [1DTB-2 ceyennem 0.35 Mm2,

HarmpskeHusi co BTOpMYHBIX OOMOTOK JTaHHOTO
TpaHCcOpMaToOpa BBIIPSIMIISTIOTCS U PETYAUPYIOTCS
HE3aBUCUMO APYr OT Apyra, Mpy 3TOM IOCIen0Ba-
TeJIBLHOE COENNHEHNE JaHHBIX PETYIISITOPOB 00pa3yeT
IBYIIOJISIPHBIA NCTOYHUK MATAaHU. B KadyecTBe pery-
JIATOpa HAIPSDKEHUST TIPUMEHSIETCSI MMKPOCXeMa
LM2596HVGT-ADIJ, npexacrasisiomas coboit mo-
Hxarpomuit DC/DC-npeobpa3zoBaTeiib, BBIXOTHOE
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HaIpsKeHUe KOTOPOro MOXKHO PeryJupoBaTh MyTeM
u3MeHeHus1 HanpstkeHus Uy pg Ha Bxode 4-o0paTHO
CBSI3U MUKPOCXeMbl. PeryimpoBaHue OCyIIeCTBISIET -
Csl MUKPOKOHTPOJIJIEPOM 0JI0KA yIIpaBJAeHUS U UHIU -
Kauuy reHeparopa. Cxema ynpasJieHUs HaIIPSDKEHM -
eM oOpaTHOi1 cBsI3u (puc. 6) popMUpyeT 3agaHHOE
HaIpsiKeHUE, COTJIaCHO BbhIpaXKeHUIO [7]

UVFB = 1.23 B+UVG£_UPWM5

rne Uy, — HalpsiKeHWe BBIXOMHOTO KacKaaa TreHepa-
Topa (Bxon VG Ha cxeme); Upy,y — HampskeHue
yrpasiaeHus (auamna3zoH mameHeHmss 0—3.3 B), ono
dbopMUpyeTcst MUKPOKOHTPOJLIEPOM C UCTIOIb30BAHM -

+12
g

Puc. 6. Cxema ympaBieHUsI HaIpsKEeHHWEM OOpaTHOI
CBSI3M.
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Puc. 7. UnTepdeiic nporpaMMHOro obecrnedeHust reHepaTopa.

€M LU POTHO-UMITYJIbCHOU Moy isitinu (Bxon, PWM Ha
cxXeMe).

CxeMa coctout u3 aud@epeHInaIbHOIO KacKaaa
DA, ,, Ha UTHBEPTUPYIOLIUI BXOIl KOTOPOTO T0JaeTCs
HanpsixkeHue Upy s, a HA HEUHBEPTUPYIOLIUN — CyM-
Ma oropHoro HampsikeHus1 1.23 B 1 HampsoKeHust
Uy, YMHOXEHHOIO Ha COOTBETCTBYIOLIUI KOaddu-
nueHT 10/85. OnopHoe HaIpsLKeHUE 3adaeTcs II0-
TEeHLIMOMETPOM R;, koadbduimeHnt 10/85 — nenure-
JIEM HamlpsDKEeHUsI Ha ajeMeHTax R; u Ry. B cxeme
NpUMEHSIETCSI ONepallMOHHBII yeumTellb LM258.

IToMuMoO perynvMpyeMoro HampsKeHUs] MUTaHUS
BBIXOTHBIX KaCKamoB KaHAJIOB 1—3, ICTOYHUK MUTA-
HUS TeHepaTtopa (GOpMHUpPYET TakkKe HaIpPsSLKeHUS
+24,+15, £12, +5, +3.3 B (cm. puc. 1). HanpstkeHue
+24 B dopmMmupyeTcsl M3 CETEBOrO HaIpsKEHUS C
npumeHeHneM AC/DC-nipeobpaszoBaresist. McIoiib-
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30BaJicsl CTaHAAPTHBI UCTOYHUK MUTAHUSI MOIIHO-
cThio 24 Bt. U3 HanpstkeHus +24 B HemmocpencTBeH-
HO popmupytoTcs +15 B (muranue ngpaiiBepoB pery-
JIMPYeMOIo MCTOYHMKA NUTaHus), =12 B (nmuraHue
OIepalMOHHbIX YCUJIUTEIEH MaJOMOIIHONA 4YacTu
kaHaioB 1—3) u +5 B (muranue nudpoBoii yactu re-
Hepartopa) ¢ npuMmeHeHueM DC/DC-npeobpazoBa-
teneid Ha Mmukpocxemax FDO003-S, AM1/41L.-2415D-
N u AM6T-2405SZ coorBeTcTBEHHO. 11 TUTAHUS
LM}POBOIi YaCTU reHepaTopa TakKxKe UCIIOIb3yeTCs Ha-
npspkeHue +3.3 B, kotopoe npeodpasyercst u3 +5 B ¢
npuMmeHeHueM Mukpocxembl LF33-CV.

OYHKUMOHAJIbBHBIE BO3BMOXHOCTH
I'EHEPATOPA

PaspaboraHHBIIT TeHEpAaTOpP MOXET paboTaTh Kak
C TIONKJTIOYEHWEM K TIEPCOHAIBHOMY KOMITHIOTEPY,
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Puc. 8. [IprMep creHepMpOBaHHOIO CUTHAJIA.

Tak v He3aBucumo. [Ipu pabote reHepaTopa 6e3 moa-
KJIIOYEHUSI K TMEPCOHATbHOMY KOMIILIOTEPY MOTYT
dopmupoBarthes cienymomnme (GopMBl CUTHAJIOB TI0O
KaXIIoMy KaHay:

— TIPAMOYTOJIBHBIE UMITYJIbChI C U3BMEHEHUEM aM-
IUIUTYIbI, 9aCTOThI, CKBAXXHOCTU 1 (ha3bl OTHOCHU-
TEJbHO APYIMX KaHaJIOB,

— TPEYTOJbHBINM CUTHAJ C U3BMEHEHHEM aMILIUTY-
JIbI, 9aCTOTHI, KO3(p(PUIIMEHTa HPOIIOPLUNOHAILHO-
CTU MEXIy IJIMTEIbHOCTIMU HapacTaHUS U CIlajna,
¢a3bl OTHOCUTENBHO JPYTUX KAaHAJIOB;

— CHUHYCOUJAJIbHBIII CUTHAJl ¢ U3MEHEHUEM aM-
TUIUTYIbI, YaCTOThI U (Pa3bl OTHOCUTEIbHO IPYTUX
KaHaJIOB;

— CUTHaJI 6eJIoTO IIyMa ¢ M3BMEHEHUEM aMITIUATY-
IIBI 1 BO3MOKHOCTBIO €r0 HAJIOKEHUs] Ha CTaHmapT-
Hble (POPMBI CUTHAJIOB;

— CHUTHaJ, IpeaABapuUTeJIbHO MepeIaHHbI ¢ KOM-
MbIOTEePa M COXpaHEHHBII B 9HEPrOHEe3aBUCUMO Ma-
MSITU YCTPOMCTBA.

I1pu nmogkmoyeHun K KommbioTepy depe3 USB-
uHTepdeic GyHKIMOHATbHbIE BO3MOXHOCTU TeHEe-
paropa 3HauYMTeJIbHO pacimpsiroTes. C IIOMOIIbBIO pas-
paboTaHHOrO IMpPOrpaMMHOro obecrnedeHus (puc. 7)
MOXHO CTeHEepUPOBAaTh U TiepeaaTh B SHEProHe3aBU -
CUMYIO NaMsITh YCTPOMCTBa MNpPaKTUYECKU JIIOOYIO
¢opMy curHaia, orpaHUYECHHYIO JIUIIb MaKCUMaJlb-
HOW yacToToit nuckperusanuu reHepartopa (10 kItr)
¥ pa3psaHOCTHIO UM POaHATIOroBOro IIpeodpa3oBa-
telist (12 pa3psinos, T.e. 4096 ypoBHEM KBAaHTOBaHUS).
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Ha puc. 8 mpuBeneH mpumep creHepHpOBaHHOTO
cUTHasa.

CdopmMmupoBaHHasi Ha KoMIbloTepe ¢opMma cur-
Haja JJIsl KaKIoro KaHajaa B BUJIE MaccrBa JaHHBIX
OTHpaBJisieTcs B MUKPOKOHTpoJiep. I1pu Heobxonu-
MOCTU c(hOpMUPOBaHHBIE (POPMBI CUTHAJIOB MOXHO
COXPaHUTh B DHEProHE3aBUCUMOI TaMSITU yCTPOIi-
CTBa U UCNOJb30BaTh MX yXe€ 0€3 MOJAKIIOUYEeHUs K
KOMIIBIOTEDY.

MakcuManbHast 4acToTa AUCKpeTU3aluy reHepa-
Topa coctapisieT 10 kI11 1 orpaHMYeHa CKOPOCTHIO
oOMeHa o nHTepdeiicy IocaeI0BaTeILHOM ITepeaa-
yu naHHbIX SPI. TTockoabKy Bce TpU reHepupyronmx
KaHaJIa TToJIyJaloT JaHHBIe o omHoi mmHe SPI, cko-
pOCTh OOMEHa JEJIMTCS MEXIY TpeMs KaHajiaMu. Ta-
K1M 00pa3oMm, IpY OTKIIOYEHUM OMHOrO KaHaja Jya-
CTOTa OUCKpeTu3aluu Bo3dpacrtaet go 15 kI, a npu
OIHOM BKJIIOYeHHOM KaHaje — g0 30 kIt. JanpHei-
Iee yBeINMYECHNUE YaCTOTHI OUCKPETU3ANU OTPaHU-
YeHO BO3MOXHOCTbIO MUKPOKOHTposUiepa (Kak Io
00BbEMY OIIEpPaTUBHOM MaMSITH, TaK U II0 CKOPOCTHU
00paboTKu JaHHBIX). OTCI0Ia MOXHO ClIe/IaTh BHIBO/I
0 OOJIBIIIOM ITOTEHIIMANe YCTPOMCTBA B TUIaHE Aajlb-
Heireil mogepHu3auuu. [1pu ncnonb3oBaHUM IIPO-
rpaMMUPYEMBIX JIOTMYECKUX MHTETPATbHBIX CXEM C
BHEIIIHEI OIIepaTUBHOM MaMSIThIO UMEETCSI BO3MOXK-
HOCTh JOOUTBCSI YacTOThl AUCKPETU3ALIMM B He-
CKONMBbKO Merarepil. Bo3amoxkHO pacmmpenne (pyHK-
[MOHAaJIa IpOorpaMMBbI IJjIs KOMIIbIOTEpa, HaIlpuMep
MoJy4YeHre MacCrBa NTaHHBIX JJIsl TeHepallii CUTHa-
JI0B 13 Tabauir ¢popmara Excel u T.mm.
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UCTBITATEIbHBIM TEHEPATOP CUTHAJIOB ITPOU3BOJIbHOW ®OPMbI

Puc. 9. dororpacdust reHepaTopa B COCTaBe UCIBITATEILHOIO CTCHIA.

Puc. 10. dororpacdust reHepaTtopa ¢ OTKPBITOI BEpPXHE KPBILIKOIA.
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Ha puc. 9 npuBenexa ¢otorpacdus reHeparopa B
COCTaBe UCMBITATEIbHOTO CTeHIa, a Ha puc. 10 rmoka-
3aH BHEIIHUWI BUO YCTPOMCTBA C OTKPBITOM BEPXHEN
KPBILLIKOIA.

SAKJIIOYEHHME

Pa3paboraH TpexkaHaJIbHbIi Te€HepaTop CUTHa-
JIOB TIPOU3BOJILHOKM (hOpMBI ¢ (PyHKIIMEI IIporpam-
MHPYEMOI0 MCTOYHHMKA MUTAHMUS I HACTPOUKM U
OTJIaJIK1 TJIaT CUCTEM aBTOMATUY€CKOTO YIIpaBJIeHUS
nmpeo6pa3oBaTeIbHBIMU YCTPOMCTBAMMU, TPEOYIOII-
MU CHHXPOHM3allMU C CeThlo. B HacTtosiee BpeMs
JIAaHHBI TeHepaTop MPUMEHSIETCS TSI PeIeHUsI Clie-
JIYIOIIMX 3a7a4 IpY UCIIbITaHUSIX armraparoB Ha ITAO
“DIeKTPOBBINIPIMUTEND : UMUTAIIMHU MTPOBAJIOB, WC-
KaXXEHUM ceTU U MepeKoCcoB (ha3; HACTPOUKHU CUCTEM
¢$a30BOI1 aBTOIOACTPOMKM YaCTOTHI, HACTPONKU
aHaJIOTOBBIX M HU(PPOBBIX GMIBTPOB. YacToThl muc-
KpeTusaluu reHeparopa 10 k11 BmojiHe 10CTaTOYHO
IUIST pelleHWs OOJIBIIMHCTBA 3aJad, CBSI3aHHBIX C
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nMmuTanmeii cereit vacroroit 50 I'm. Kpome Toro, or-
Me4YeH OOJbIION MOAEPHMU3ALMOHHBIN pecypc JaH-
HOIO YCTpOMCTBa B IUIAHE YBEJIWYEHUS (PYHKIINO-
HaJIBHBIX BO3MOXHOCTEM U 4aCTOThI NUCKPETU3ALIUU.
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